INTRODUCTION
Three public school teachers designed basic wind turbine energy
production tests to help them teach wind energy principles to middle
and high school students. Variables aﬀecting wind turbine energy
production were identiﬁed (distance from wind tunnel, blade design,
angle of attack, and wind speed), and experiments were conducted to
test each variable. This research aligns with Georgia DOE
curriculum standard STEM-FET-3.7: Apply STEM knowledge and
skills through hands-on research and lab experiments that are
focused upon recreating the inventions and social solutions that were
realized in the past, present, and possible future. These
experiments will be a part of an
instructional
unit of study to teach middle
and high school students the
principles of
wind turbine energy production.

METHODS
Four straight, untwisted turbine blade designs were tested for energy output.
Researchers designed three blade shapes and kept one blade unaltered as a control,
resulting in four diﬀerent blade proﬁles (images 1-4). Using a commercial wind
turbine testing kit manufactured by KidWind, wind tunnel tests of all four blades
were conducted using a hub with three equidistantly spaced blades at a constant wind
speed of 3 meters squared (tested and veriﬁed by anemometer) for all tests, with three
trials for each blade. A variable motor resistance on a potentiometer in this circuit of
nine ohms was set and maintained for all blade tests. Four angles of attack (10
degrees, 15 degrees, 30 degrees and 60 degrees of blade tilt) were tested for each
blade, at three distances from
the wind tunnel opening (10 inches,
20 inches, and 30 inches). Data was
collected using a Vernier Energy
Sensor and Logger Pro 3 software.
The same setup was also used for
the testing of the four experimental
blades at a wind speed of 4 meters
squared, veriﬁed by hand-held
anemometer readings.
Circuit resistance settings varied for
each blade, but were consistent through
all three trials for each individual blade.
Blade 1 was tested at 30-32 ohms,
blade 2 and blade 3 were tested at
28-29 ohms of resistance.

DISCUSSION

FIGURES OR TABLES
Research Question 1: Overall, the collected data showed
that turbine setup distance from the wind turbine did not
signiﬁcantly aﬀect the power output. At the same pitch,
all four blades registered consistent power output
regardless of the distance of the setup from the wind
tunnel, with a few outlier readings that were discounted
for vagaries in the equipment.
Research Question 2. For the second research question,
the collected data showed that blade design did have a
signiﬁcant eﬀect on energy output. The control blade 3
(which had the greatest area) recorded the largest energy
output readings of all four experimental blade designs,
with output readings falling as blades with smaller surface
areas were tested. Blade 4,
with the smallest surface area, recorded the smallest
energy output readings
of all experimental blades at comparative blade pitch
settings.
Research Question 3. The third question identiﬁed an
optimal angle of attack, or pitch, for each blade that
varied depending on experimental blade, from 10 to 15
degrees, not supporting the expected result that higher
angles of attack would result in lower energy output
readings. However, pitch settings
in excess of 15 degrees did result in signiﬁcantly lower
energy output readings, conﬁrming an inverse ratio of
energy production with increased angles of attack.
Research Question 4. For research question four, tested
energy output readings supported the expected outcome
of increased energy production at greater wind speed,
even at a blade pitch that proved less optimal at lower
wind speed.

Analysis of data support expected outcomes, which recreate previous historical
research on basic wind turbine function. This research supports the Georgia DOE
curriculum standard for replicating previous research to validate reliability of results.

CONCLUSIONS
Data on all four test blades indicating optimal angle of attack (15°)
for maximum power output.

Taking Data Logger Pro readings

Data on all four test blades, showing equivalent power output
regardless of distance from wind tunnel.

Data determined that distance from the wind tunnel for experimental turbine setup
did not have an appreciable eﬀect upon the recorded energy output of a straight,
non-twisted turbine blade design at any blade pitch.
Data demonstrated that blade design did have a signiﬁcant eﬀect on energy
production. Blades with greater surface area generated greater energy production.
Depending on blade design, blade angle of attack (or pitch), did have a signiﬁcant
eﬀect on recorded energy output of experimental turbine setup. The optimal angle
of attack that was tested was shown to be 15 degrees of pitch.
Additionally, data determined that blade energy output increased at higher wind
speeds, this eﬀect proving to be consistent over all tests.

FUTURE RESEARCH DIRECTION
Future testing on the eﬀect of additional or fewer blades since all tests were
conducted with three blades (see C, D) on energy production would be suggested,
as well as testing energy production using blade designs in a vertical axis
conﬁguration (see A, B) since all tests were conducted with horizontal axis
conﬁguration).

Power comparisons: 3M2 and 4M2

Blade 1 – Measurements were 11
inches long, 2.5 inches at the
base, and 5/8 inch at the tip.
Blade 1 proved the optimum
blade of all for the experiment.
Blade 2 - Measurements were 11
long, ~2.5 inches at the base, and
1 inch at the tip
Blade 3 – The control blade:
nothing was done to alter the
blade from its original design.
The measurements were 11
inches long, by 3 inches (width).
Blade 4 - Measurements were 11
inches long, 1.5 inches at the
base, and 1/8 inch at the tip.
Energy output per blade at varying distances and angles of
attack at 3M2 wind speed.

RESULTS
The results of experiemnts on basic wind principles supported researchers’ expectations. These
replications of historic experiments were determined to be necessary for students to recreate to
understand how wind turbines work. These principles and experiments will be incorporated into
future instructional strategies for students.
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